We hypothesized that undergoing surgery as soon as possible reduces early mortality in patients with a
Conclusions:
In this study, a surgical delay of more than twelve hours significantly increased the adjusted risk of thirtyday mortality and a surgical delay of more than twenty-four hours significantly increased the adjusted risk of ninety-day mortality. The adjusted risk of both thirty-day and ninety-day mortality increased significantly when the education level of the surgeon was below that of an attending surgeon. The study findings challenge orthopaedic departments to facilitate fast surgical treatment supported by attending orthopaedic surgeons.
Level of Evidence: Prognostic Level IV. See Instructions for Authors for a complete description of levels of evidence.
S hort-term mortality is used as a quality indicator for the treatment of proximal femoral fractures. In Denmark, with a defined goal of thirty-day mortality below 10% 1 , a number of patient-related, non-modifiable factors, such as age, sex, American Society of Anesthesiologists (ASA) score, functional impairment, and type of fracture, have been identified as increasing early mortality 2 . Other, modifiable factors, not directly related to the patient, have also been identified, such as the method of fracture treatment 3 . Surgical delay has been suggested as a modifiable risk factor for early mortality. Although surgical delay has been associated with an increased length of stay and a higher risk of postoperative complications [4] [5] [6] [7] , the exact association with mortality is less clear. Some studies have shown that a surgical delay of more than twenty-four hours or more than forty-eight hours significantly increases mortality [8] [9] [10] [11] [12] [13] [14] [15] , although other studies found no association 4, 6, [16] [17] [18] . A meta-analysis has found that a surgical delay of more than forty-eight hours increases mortality 9 . To date, no adverse effects of a short surgical delay (less than fortyeight hours) have been identified 7 . The aim of this study was to investigate whether a surgical delay of more than twelve hours, more than twenty-four hours, more than thirty-six hours, more than forty-eight hours, and more than seventy-two hours increases thirty-day and ninetyday mortality rates for patients with proximal femoral fractures and to identify other potentially modifiable factors that increase this mortality. Our hypothesis was that surgery as soon as possible after diagnosis is associated with the lowest mortality.
Materials and Methods

T
he protocol with defined hypothesis and outcome measures was written and the study was approved by the Danish Data Protection Agency prior to data collection and analysis (see Appendix).
Patient and surgery-related data were collected from the Danish Fracture Database, which was established in 2011 as an online-based database for the registration of fracture-related surgery 19 . The data are entered in the database by the surgeon immediately after the surgical procedures and include patientrelated, trauma-related, and surgery-related factors 20 . All fractures are classified according to the OTA/AO classification 21 . Nineteen hospitals across Denmark, covering approximately 90% of the population, are currently participating in the Danish Fracture Database collaboration, with approximately 30,000 registered procedures.
From the Danish Fracture Database, we identified consecutive primary surgical procedures performed up until May 14, 2014, for a primary proximal femoral fracture (classified as OTA/AO 31) in patients who were at least fifty years of age. Only data from centers with a total of fifty or more registered procedures were included in this study (thirteen centers, 3985 procedures). To minimize potential confounding factors and make the study group as homogenous as possible, we excluded from the study patients undergoing surgical procedures for articular fracture of the femoral head (classified as OTA/AO 31C) (n = 12), pathological fracture (n = 41), or high-energy trauma in which a specialized trauma team was assembled upon arrival (n = 51); patients who were younger than fifty years (n = 195); patients who underwent surgery in which the type of osteosynthesis was different from commonly used fixation methods (i.e., external fixation, locking compression plates) (n = 78); and patients with missing data (n = 90). One patient had both a pathological fracture and a highenergy trauma and was also excluded (n = 1). This left 3517 surgical procedures for analysis.
Data included age, sex, type of fracture, type of surgery, ASA score, surgical delay, and education level of the surgeon. Surgical delay was defined as the time in hours from the radiographic diagnosis of the fracture until the start of the surgical procedure and was divided into groups: twelve hours or less, more than twelve hours to twenty-four hours, more than twenty-four hours to thirty-six hours, more than thirty-six hours to forty-eight hours, more than forty-eight hours to seventy-two hours, and more than seventy-two hours. The type of surgery was categorized as arthroplasty, sliding hip screw, intramedullary nail, or cannulated screws (including hook pins). The education level of the surgeon was classified as attending or above if an attending or higher-level surgeon either performed or supervised the procedure (the attending or higherlevel surgeon was present within the operating theater). All other surgeons were classified as having an education level below that of an attending surgeon. End points were defined as thirty-day mortality and ninety-day mortality. Mortality data were collected from the Civil Registration System, which has information on the vital status of all Danish citizens including changes in address, date of emigration, and date of death 22 .
A multivariate logistic regression analysis was performed on the basis of each surgical delay group to calculate the adjusted thirty-day and ninety-day mortality rates for the particular group. All analyses were adjusted for other recorded variables of age (ten-year intervals), sex (male or female), ASA score (1, 2, 3, or 4), fracture type (femoral neck or trochanteric), type of surgery, and education level of the surgeon. Furthermore, all other variables were tested similarly with adjustment for surgical delay. A simultaneous test (a test for overall effect), using the type-III test with the chi-square test statistics, was used to test the effect of the variables in the model. A model with continuous delay time was constructed, but showed a similar change in probability over delay time as in the disjoint model. Therefore, because the disjoint model was directly related to the aim and the continuous model did not provide much new information, we chose to use the disjoint model. All analysis was performed with use of R (version 3.0.2; R Foundation for Statistical Computing, Vienna, Austria). Significance was set at p < 0.05.
Source of Funding
The study was funded by the Department of Orthopaedic Surgery, Hvidovre University Hospital, Copenhagen, Denmark, which is the employer of five authors in this study (A.M.N., A.T., H.P., K.G, and T.K.).
Results
T he median patient age was 82.0 years (range, fifty-one to 107 years) and 2458 patients (69.9%) were female. With regard to ASA scores, 253 patients (7.2%) had a score of 1, 1685 (47.9%) had a score of 2, 1430 (40.7%) had a score of 3, and 149 (4.2%) had a score of 4. The surgeries were classified according to the OTA/AO system, and 1720 surgeries (49%) were for a trochanteric fracture (OTA/AO 31A) and 1797 (51%) were for a femoral neck fracture (OTA/AO 31B). Within twelve hours, 722 patients (21%) had undergone surgery; within twenty-four hours, 2482 (71%) had; within thirty-six hours, 3024 (86%) had; within forty-eight hours, 3242 (92%) had; and within seventy-two hours, 3353 (95%) had. A surgeon with an education of an attending surgeon or above performed or supervised the surgery in 1710 (49%) of all cases (Table I) . Mortality was 10.8% at thirty days and 17.4% at ninety days (Table I ). The incidence of death increased with increasing surgical delay at both thirty days and ninety days (Table I , Fig. 1 ).
An increased risk of thirty-day mortality was estimated for all surgical delay groups, but only surgical delay of more than twelve hours compared with twelve hours or less (adjusted odds ratio [OR], 1.45; p = 0.021), surgical delay of more than twenty-four hours compared with twenty-four hours or less (OR, 1.34; p = 0.015), and surgical delay of more than fortyeight hours compared with forty-eight hours or less (OR, 1.56; p = 0.019) showed a significantly higher risk of thirty-day mortality. Likewise, all estimates for ninety-day mortality showed an increased risk; however, the effect was only significant for surgical delay of more than twenty-four hours compared with twenty-four hours or less (OR, 1.23; p = 0.045) ( Table II) .
The effect of the other factors included in the models (age, sex, ASA score, fracture type, treatment, and education level of surgeon) on mortality varied across the models for the different surgical delay groups for thirty and ninety-day mortality; however, the effects did not change enough to change the 1336 19, 2015 interpretation of the ORs or whether they were significant (p < 0.05). Therefore, only estimates from the model with the surgical delay groups of twelve hours or less and more than twelve hours are reported in Table II . Type-III tests showed that ASA score, sex, education level of surgeon, and patient age had a significant effect (p < 0.05) in the models for thirty and ninetyday mortality, but treatment only showed a significant effect (p < 0.05) in the thirty-day mortality models. Both thirty and ninety-day mortality increased with increased ASA score, male sex, education level of the surgeon below that of an attending surgeon, and increasing patient age (Table II) .
Discussion
I n this study, we found that a surgical delay of more than twelve hours, more than twenty-four hours, and more than forty-eight hours significantly increased the adjusted risk of thirty-day mortality and that a surgical delay of more than twenty-four hours significantly increased the adjusted risk of ninety-day mortality. Our hypothesis that surgery as soon as possible reduces early mortality was supported with regard to thirty-day mortality, but not for ninety-day mortality. Furthermore, we found a significant increase in the risk of mortality when surgery is performed by an unsupervised surgeon with an education level below that of an attending surgeon.
Our data were derived from a database in which a large number of clinically relevant factors are registered prospectively by the surgeon performing the surgery directly after completing the procedure 20 , thus minimizing the risk of data inaccuracy. Even so, this study had limitations attributable to the nature of data collected in a registry. Surgical delay is defined as time from radiographic diagnosis to onset of surgery, which should be taken into account when comparing with previous studies. This definition is used in the Danish Fracture Database because the time of injury is often difficult to identify and we want to evaluate modifiable factors, which we do not consider time from injury to diagnosis to be. The definition also allows fractures sustained in the hospital to be included, which in Denmark account for 7% of all proximal femoral fractures 23 . The registry only includes some of the factors hypothetically influencing short-term mortality after surgery; thus, functional impairment, actual diagnosis of comorbidities, mental health, admission on weekends or holidays, cause of delay, hospital size, early mobilization, a multidisciplinary and multimodal standardized approach, and type of anesthesia are not taken into account, and further conclusions about the relation of specific comorbidities or other factors not included in the database and surgical delay are not possible on the basis of our data. We have statistically been able to adjust for the major confounding factors such as age, sex, and ASA score, as well as type of fracture, type of surgery, and surgical expertise, but still we cannot distinguish between association and causality with regard to the relation between surgical delay and mortality. Determining whether delay in the individual patient increases the mortality risk would require a randomized design of shorter compared with longer delay, which in our view is not ethical and perhaps not feasible; thus, a registry study like ours may represent the highest possible evidence level.
To our knowledge, our study was among the first of this sample size to consider so many clinically relevant factors. Most of our findings were in accordance with the literature. Risk of mortality increased with higher ASA score, male sex, and older age. Our study confirmed that comorbidities are found more often in patients who undergo delayed surgery 4, 5 and that patients with a higher ASA score often wait longer for surgery 4, 5, 8, 13, 15 (Table I) . Because we have no information about the reason for delay, a conclusion about the reason for this association cannot be made, but some delays might be due to preoperative optimization. The value of this often timeconsuming optimization has been addressed by several previous studies, but further research is still warranted [24] [25] [26] [27] . However, after adjusting for ASA score, we still found an association between surgical delay and risk of mortality, indicating that an increased risk of mortality with increasing surgical delay is present and is not exclusively due to decreasing medical fitness of the patients with longer delay times. Among the modifiable factors, we found no significant association between type of surgery and mortality, but did find one between the education level of the surgeon and mortality. The latter confirms previous findings by Khunda et al. that showed that the six-month mortality risk for patients with proximal femoral fractures increased when surgery was performed by a trainee without supervision 28 . As a consequence of this, several Danish orthopaedics departments have, in recent years, implemented polices stating that proximal femoral fracture surgery performed by interns and first and second-year residents must be supervised by an attending surgeon. However, this is only a hospital policy and does not currently have any legal implication. We are not aware of similar regulations in other countries. We propose that this topic be considered when making or updating guidelines in the future. Previous studies have investigated the possible association between surgical delay and mortality. In a meta-analysis of fifty-two studies including 291,413 patients, Khan et al. found that the studies were too heterogeneous to allow for comparison and found no certain decrease in risk of mortality with reduced delay times but a decrease in postoperative complications 7 . The studies varied in sample size, inclusion and exclusion criteria, definition of delay time, number and types of factors taken into account when adjusting data, and follow-up time. Because the thirty-day mortality is used as an indicator by which departments are evaluated, we chose this as an end point for our study. Furthermore, ninety-day mortality was chosen as an end point to evaluate any development over time. We found that the effect of short surgical delay (less than twelve hours) in decreasing mortality was most pronounced at thirty days after surgery and that the effect was less (and not significant) at ninety days. To our knowledge, only two previous studies have investigated the effect of surgical delay of less than twelve hours. Uzoigwe et al. found a pronounced effect (an OR of 3.8 with surgical delay of more than twelve hours compared with less than twelve hours) for in-hospital mortality, and Smektala et al. found no significant adjusted effect on one-year mortality 6, 11 . This might indicate that the effect of surgical delay of less than twelve hours is temporary and not as lasting as a surgical delay of less than forty-eight hours has been shown to be 29 , but further research is needed.
The findings in this study strengthen the case for surgery earlier than the often-published forty-eight-hour limit, thereby supporting the recently established guidelines of surgery within thirty-six hours 2, 30 . The recommendation of surgery within the same day or the next day after admission appears to be a compromise between surgery being performed as quickly as possible and being performed during the optimal hours by a skilled surgeon; the latter is also supported by this study. The beneficial effect of early surgery is often hypothesized to be caused by the reduced immobilization time, allowing faster rehabilitation and reducing risk of post-surgery complications such as respiratory infections, deep venous thrombosis, and decubitus ulcers [31] [32] [33] . The result would be a shorter hospital stay and a reduced risk of mortality. As more departments are expected to live up to this demand within the upcoming years, the main confounder of delay due to comorbidity is also expected to diminish. A continued evaluation of delay compared with mortality is therefore indicated.
In conclusion, a surgical delay of more than twelve hours significantly increased the adjusted risk of thirty-day mortality and a surgical delay of more than twenty-four hours significantly increased the adjusted risk of ninety-day mortality. The adjusted risk of both thirty-day and ninety-day mortality increased significantly when the education level of the surgeon was below that of an attending surgeon. The study findings challenge the departments to facilitate rapid surgical treatment supported by attending orthopaedic surgeons.
